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Disturbance decoupling control with stability

for a class of MIMO nonlinear systems
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Abstract. Based on the relative-degree concept of differential geometry theory on nonlinear system, the disturbance
decoupling problem ( DDP) is studied for a class of MIMO nonlinear systems. First, the vector relative-degree
associated with the disturbances is defined. Sufficient and necessary conditions are then given for solvability of DDP via
static state feedback. Furthermore, the stability of the decoupled systems is discussed and its sufficient condition is
given. Finally, Simulation results are given to illustrate the effectiveness of this method.
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1 3| E (Introduction)

SR R GO T S B R R B T8
HHFIRHFRCRARAEEWNERRE, — R
PR RGP, R TI RE W RN T
P A7HE (0] B ( disturbance decoupling problem,DDP).
UCAFOR AR MIMO REFMREII R T k£ 5%
BT JUT e, SCER (1] R R A T M X5
N5 R, AT S R M, B
SR TUAMT 3R B Ay BB P R , 7E TR
FHHAT — & SR PR , (H P 2 BRI Al e 5 B 9] A 9
BTt ARSI (AN SCHR(2]) . TR, X R T Bk
FERRS DA T B . TR 20 e
70 AFAREB RN R IE I TT BT, B4R E
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ZHBRB RS . k(6] F RILAELE RS T
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EARL W . SCHR(8,9 |8 1 B & gk T4
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T MIMO &M ARG R F MBI BB, &
W TSN RGE RS R LT AR
TR BB &M, - TERRSR
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2 EEYEHEEN (Problem description
and definition)
#£8 MIMO {E& R %
{ % i_];l(x) +g(x)u +e(x)d, (1)
y = h(x).
He:x e R"HREER, ue " HBMALR, de
R BFHM, y € R NHHEE; f(x) ,8(x) ,e(x),
R(x) i M4 BRI AE R0 AT BRI
& B— RS B o e
u=a(x) +B(x)v. (2)
Hiby a(x) b m GRS, B(x) ATEA
BmxmBEEFREE, v e R IFWWATE .
R (2)EHTEEERE () , /] BRHF RS

{ = f(z) +g(x)v +e(x)d, (3)
y = h(x) ,
He
f=fx) +g(x)alx) , (4)
g(x) = g(x)B(x) , (5)
BASRES) MIERIGH .

EX 1 XFRG), MAEEEE ] AR S5
() E[RREC)HAY y A2RE T W
mt MIFRIER R S (3) & T IRMAEAY, JEFRIE LR
RGBT R .
3 MIMO JEZERGRY T H R ( Disturbance
decoupling for the MIMO nonlinear systems )
FHRARLNERL (1) T TR d =0) B
EX 2 MIMO MR (1) & «, B %
THA v BB = [p, 0., IR
i) XA =1, ,mk <p, -1, 1€ x, §8

NEFTA B « B
L,Lik,(x) = 0. (6)
Hep
k-1
Uy (x) = ) gy
LLh,(x):= E‘)(—Lihé'}(xlg(x) .

i) m x m AR

L,k (%) - L, L hi(x)

A(x) = : : (7)
Lk, (x) - LyLtm"'h,(x)

#x = x, RAEFFR .

1Y WEARK()(d =0R) Fx 8R
AR, B A(x) E x RAER R B4R
i AR ARTE x, MHEFE S — T HESRER
B2) (HAEARB(x)) Bk . RZMML .

THEARIELRERSE (1) 22 TR m (B
d #0) BIFEH .

W' AR BAR RS (3) RTFHFHA v W E
FEXT B -

EE1 R MMO ERBRFE() BFEXT
B u R A BY o, B RAS RUB (2) HIRAY
M RRRG(3) B ATHEA » B BT
p' B

p’ =p. (8)

iE EARK()5G)BEAMAMEH, X
() BTN EE BRI p, p° W p 5o
BAHHR AL m.

FEERERFG)PE i Mady, ,i=1,,m ,H
FRXT B E X

Lihi(x) = Lyh,(x) = 22

Tg,B = (Lghi(x) )B.
(9)

B, E R B RIET M, MEp = 1,4 Lh,(x) #
0,0 Lk (x) #0,%p =1,B0p, =p:Fp >1,
A Lh(x) =0, L. h(x) =0,Bpf >1.

[FRE, M k> 18,

L LY h(x) =

Ly (L k(%) + Ly k(%)) =

Ly (LY h(x) + (L Vh(2))a) =

L (L*Vh(%)) + (L Vhi(2))a)B =

(LL* VR (%) + Lg(LEVhi(x))a)B =

(LL* VR (x) + (Lth,(x))a)B. (10)
M (9), % p, > 1B Lh(x) =0,F Lih(x) =0,
B EAER FHY, BT AR (10) F1, 35

LL*"h(x) =0, (11)
WA L LY VR (x) =0. ¥k = p, B,
LL*Vh(x) #0, (12)

mUﬁLéL(fk_”hi(x) #0 ,Mp," =k, B p" =p,,
FHIE .
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TEX 3 MIMO FFRMURGE(I)HEx BEXT
T d KB o = [0y, ,0,], MBEXFH
Lj=1,mik <o - 17 FABBNFER &

LLih(x) =0, (13)
A
Lq.L}""Ihi(x) # 0. (14)

EF1 MHo >n MEXo, = ».

EE2 BRRFERERZV)REXLTHA
1 BT BY p X F T4 d MR BN o 3R
ARG xy 2R TR 0 FE S DB RL

p, <o, i =1, ,m, (15)
iE waE. #FHop <o
v = Lih(x),i=1,,m, k =1, ,p, -1,
(16)
yod = Lih(x) +L3L}’“1h,.(x)u(x) +
LCL'f""]hi(x)d(x) ,i =1, m, (17

Hr
L L'k (x) # O i LLi k(%) =0.
A R AR SRR
a(x) =- 47 (x)b(x),
18
{ﬁu)=m%w. (18)
Hep
L}thl(x)
‘ b(x){ : } (19)
Lirh, (%)

3R (1) (2) MIRASIR IR R R AEH i T R
f,; = }+1! I = l!"'vmsj = 1"“9pi -1,

f:,‘ =, i = 1’...,m,

19 = a(&m) - p(&,m) (A6 17'8(&,m) +
p(E,M[AEM) ],

Y = glj’j =1, ,m.

(20)
B, 0o MEBITF T 4 S y AR T 4 (R
W, LT RET MR
DERE . MBEARRL(3) R THERL, B
By 5T, ZHERy,i=1,,m,

vV = Lih(x) + Lzh,(x)v + LA (2)d,, (21)
HLh(x) =0 b, >1. MRLA(x) #0 B0
pi =1 , HHEHIFp =1,8%p <o

WMFE LA (x) =0, RQ2)AEH
yf” = Lyh,(x).
XA
y® = L3k, (%) + L;L3h,(x)v + L L3k, (2)d,.
(22)

I, HBRE LLh(x) =0,8l o >2. %
L;L;h(x) #0 Bip" =2 MbEm1 Fp, =2,
B3lp <o,
B LE AR R O] IR S B B
4 $H7E (@) /: ( Problem of stabilization)
SRGERE, ZE(D)REANTEL.:

¢;‘5=A§+Bv,
n = §(&,m) +k(£,m)d, (23)
y, =&, =1,~,m
HH
A = diag(A;), B = diag(B,),
0
A,-z[o I”‘“},B,.: s teem
0 O 0
1

pixl

R EZFRER—IETHEMA T LA
HIfRARS . HL
v, = - Ci()fli - Cnfg -
Cipi—lflin +w,t=1,-,m (24)

Hbw, REZWA .

BRI E = Af + By, REEFE 45
o, IR REREEEEERIAR

H—FFG%E 0 = ¢(&,m) + k(€,m)d TERMAH
HRRPREBAHRN . M ¢ =08,

n =¢(0,n) +k(0,n)d (25)
MBEARENEDIS, SEERCEHEAEEXR . ]t
REBFENRAERE, AFFIBRENRERE
ke BIA] . pte N ImER 4t an R e B

EE3 RIRIERERGE (L) T, H
R ER 2, W R G ke e T P A 48 1T AR B Fo 0 25 1
BARTHEQ25) RS .

R B Bl — Al
5 {HERHI(Simulation example)

R RRE(L) Rk

flx) = [fi(x) fi(%)
Hrp
fi(x) =%, fo(x) = (2, + D)a,,
filx) = 24, fu(x) = (% + 1)xs,
fs(x) == (x, + D) (%, + 1)2 - (x3 -1) -

(%, + D)2y = (25 + D)z — (%, + 1),

SV ACONER
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202 7 6% B i 5 M H B3
00 0 Ble, =1,c5 =2,c; =2,¢p =3, 0(18)(20)
1 o) .« 10 X (24) (26) F(27) "y 15 2%
g(x) = |0 0], ex) = |0, y(x) = [] L[t Dmn 2y
01 0 ~ (2, +1)xg = 2x; — 3x,
e L EEBCFHREB () =2cos (31) A BRI K
RERGEMXMp = [2 2),0 =[5 3]. WL (=1 2 05 <1 0.3]TF %k R IEH(28)

# 2 BT, RGO R TR R 1, R G S
FRAME . FRHR(T) (19) THE
1 0 (%, +l)x3
Aw =[] b = [(x 9 ] (26)

AER(24) (KBRS ERMA w iﬂ?)ﬁ

— X, — CpX
v:[ 14 122" (27)
= Gy X3 T Cp¥y
2 T L T
=1
] ]
0 15 20
t/s
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=05}
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Fig. 2 Simulation response of the closed-loop system under initial conditions x(0) = [-1 2 0.5 -1

6 #5it(Conclusion)
A% SRR AT JUA) J5 3 WF 58 T 26 MIMO
AURGEH TR, EXL T MIMO RETH

FARIPIIA RGEHAT O 5, 45 4y Bl i 1 fu 2 fr
. BT R, BEA w BT 4 R,

B y EARZTH 4 89% 0, Bisb R,

AEERE, BRETHE N g =2cos (3t) RETH,

T RENERAG R EN, XA T RENRE
T .
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Fig. 1 Simulation response of the closed-loop system under initial conditions x(0) =[2 =1 -1
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iE FEITIRH A B . X MIMO JE2R Mrd #F R 4%
M TIURRRE T SO T IR
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